Objective: To validate a diet history (DH). Design: Energy intake (EI) estimated by a diet history (DH) was validated against total energy expenditure (TEE) measured by doubly labeled water (DLW) (n 12) used as reference, by heart rate monitoring (HR) and by an activity diary (AD). Setting: Department of Geriatric Medicine, Go Èteborg University, Vasa Hospital, Gothenburg, Sweden. Subjects: 20 healthy free-living elderly subjects (73 years) from the gerontological and geriatric population studies, Gothenburg, Sweden (H70 and the DHaDLW ratio was 0.88. Four subjects were identi®ed as under-reporters and one as an over-reporter. Conclusion: The DH slightly underestimated EI compared to the HR, but was in concordance with the AD. Compared to DLW, DH underestimated EI by 12%. On group level, the DH method gave comparable values to HR and AD. The DH was not valid for ranking of individuals. Compared to DLW, the HR method seemed to perform somewhat better than the AD for detection of under-and over-reporters.
Introduction
In nutritional science there has been stress on the urgent need for validation studies of dietary assessment methods. The ability of current techniques to obtain valid measures of habitual dietary intake is clearly worse than has generally been assumed (Black et al, 1993) . A validity control implies comparison with another method judged to be superior (Willett, 1990) or with other methods involving different errors. There are different possibilities for validation, such as use of other dietary instruments, biomarkers or the multiple of energy intake and basal metabolic rate (EIaBMR) cut-off (Bingham & Cummings, 1985; Burema & van Staveren, 1991; Goldberg et al, 1991; Isaksson, 1980; Willett et al, 1985) . EI could also be compared to total energy expenditure (TEE), which in turn could be measured by different techniques such as activity diary (AD) (Warwick & Baines, 1996) or heart rate (HR) monitoring (Warnold and Arvidsson-Lenner, 1977) . In recent years the doubly labeled water technique (DLW) has been used widely because of its sensitivity and accuracy and because it is non-invasive and acceptable to most individuals. However, the method is expensive and therefore not practicable for epidemiological studies.
In the gerontological and geriatric population studies in Gothenburg, Sweden ÐH70 (Rinder et al, 1975 ) Ðintake of energy and nutrients has been studied longitudinally in four representative population samples (Steen & Djurfeldt, 1993) using the same method, namely diet history (DH) (Rothenberg et al, 1996; Steen, 1977) . In 1992 ± 93 a new cohort of 70-year-old individuals was studied by this method (Rothenberg et al, 1996) .
The aim of the present study was to compare different methods for validation of EI estimated by a DH in a wellde®ned group of healthy 73-year-old males and females with TEE measured by DLW, HR and AD.
Population
Within the framework of the longitudinal and multidisciplinary gerontological and geriatric population studies in Gothenburg, Sweden (H70 study) (Rothenberg et al, 1996) , and the population study of women in Gothenburg (Bengtsson et al, 1973 (Bengtsson et al, , 1989 ), a systematic sample of 753 individuals of age 70 years in Gothenburg was obtained; the response rate was 66%. A comparison concerning sex and marital status showed no differences between responders and nonresponders. Of these, 76 consecutive individuals examined during the fall of 1992 participated in a validation study of a FFQ (Rothenberg, 1994) . Thirty-four of these were eligible for the heart rate measurements, all without de®nable disease and selected according to the following exclusion criteria: history of myocardial infarction; stroke; angina pectoris according to Rose (Rose, 1962) ; congestive heart failure; diabetes mellitus; treatment with cardiovascular drugs; chronic obstructive lung disease; malignant disease during the last 5 years; dementia; pathological electrocardiogram according to the Minnesota code (Rose & Blackburn, 1968) Ðmajor Q-waves (Minnesota code 1.1 1.2), left bundle branch block (7.1), ST-J-depression of 0.5 mm (4.1, 4.2) negative or biphasic T-waves (5.1, 5.2) or atrial ®brillation (8.3; diastolic blood pressure b 95 mmHg; increased relative heart volume on chest radiography; or other serious disease. Twelve individuals agreed to participate. Eight more individuals were recruited from a sample of 192 participants in a dietary study using the DH during the spring of 1993 (Rothenberg et al, 1996) . Limitations in terms of time and funding stopped recruitment when 20 eligible subjects had agreed to participate. Thus, the study sample comprised 12 females and 8 males, all healthy and active 73-year-old individuals. Information on height (Ht), body weight (Wt), and BMI is given in Table 1 . Funding was available for 12 DLW measurements. Of the 20 participants in the study, 9 females and 3 males volunteered for the DLW measurements. Since the population was small, females and males are treated as one group in the analysis.
Methods
Energy intake EI was measured by a DH, the same method as used previously in the H70 study (Rothenberg et al, 1996; Steen, 1977) . The DH interview was undertaken as a part of the hospital visit, by one dietitian. It covered usual food intake during the previous month and was based on a mealstructured checklist starting with questions about usual meal pattern. The interview technique used was, one of open-ended questions asking what the subjects ate and drank for each meal and then as far as possible specifying the food items and amounts consumed, rather than asking about, each food item in the checklist. Linseed bags were used to estimate portion sizes for most food items, but standard portions were used for fruit, bread, cakes and buns. For spread, intake pictures of different portions were used. A cross-check was made to make sure that the number of different dishes for breakfast and main meal together did not exceed the number of breakfasts and main meals per month. Intakes of energy and nutrients were calculated using computer software based on the National Food Administration's computer software PC-kost (Swedish National Food Administration, 1990).
Basal metabolic rate (predicted) Based on body weight, BMR was predicted from standard equations for individuals aged 60 ± 74 years (Department of Health, 1991):
where W body weight in kg.
Heart rate monitoring HR method is based on the assumption of a linear relationship between heart rate and oxygen consumption (VO 2 ) and thus also between HR and energy expenditure (EE) (Warnold and Arvidsson-Lenner, 1977) . For determination of the 24 h cumulative HR, the individuals carried a twochannel electrocardiographic Holter recorder during four consecutive 24 h periods. It was stressed that the individuals should keep to their normal activities during this period. For determination of the individual VO 2 aHR regression line, the individuals visited the laboratory three times. On each occasion, oxygen consumption and HR were determined simultaneously during three standardized activities Ðresting, sitting and walkingÐ to give a mean value for the VO 2 aHR relationship on each occasion. The subjects came fasting in the morning to the laboratory. They were told to avoid substantial physical activity in the morning before measurements. After 30 min rest, RMR (resting metabolic rate) was measured for 20 min under standardized conditions (overnight fasting, supine position, awake, with an environmental temperature of 22 ± 23 C and dimmed lights). For sitting position, individuals were told to sit as comfortably as possible. If they read or did needlework in sitting position at home, they were encouraged to perform these activities. Measurements in lying and sitting position were preceded by a period of 10 ± 15 min until steady state in gas exchanges was obtained. Walking was then measured on a treadmill at a speed of 2 ± 4 kmah. Walking was measured during 3 ± 5 min. A breakfast was served between RMR and sitting measurements. The equipment used was a ventilated-hood system (Isbell et al, 1991) , Medical Graphics Model 750013-001 (Spiropharma, Cardiopulmonary Diagnostics AaS, Sweden). Calculations were made by determining the amount of¯ow through the hood and by measuring the O 2 and CO 2 concentrations in the ingoing-and outcoming air. Analyzers were calibrated before the session using gas mixtures with known oxygen and carbon dioxide contents. Air was transported through the hood by a fan with individually adjusted speed of about 500 ± 1000 mlas, at rest and in sitting position. During walking, a mouthpiece was used for collection of expired air.
Activity diary (factorial method)
During the four days of heart rate monitoring, the individuals kept an AD including type of activity and time spent on different activities. They were told to describe and record their activities carefully in their own words and continuously to note the time each new activity was begun. For data coding, the factors for physical activity ratios (PAR) outlined by Durnin (WHO, 1985) were used and multiplied by RMR measured by the ventilated hood ( Table 2 .)
The doubly labeled water method The principle of the method involves enriching the body water with isotopes of both hydrogen ( 2 H) and of oxygen ( 18 O) and then determining the washout kinetics of both isotopes as their concentrations decline exponentially towards natural abundance (pre-dose) levels. TEE was measured over 20 days. After collection of a baseline urinary sample, each subject ingested an oral dose of 0.12 g 2 H 2 O and 0.25 g H 2 18 O per kg body water. Urinary samples were then taken after 4, 8 and 12 h on the ®rst day and thereafter one sample per day on days 2, 3, 5, 10, 15, 19 and 20 at about the same time each day. Samples were stored at 7 20 C until analysis. Isotopes were measured in urine using isotope ratio mass spectrometry (Bureau of Stable Isotope Analysis, Brentford, UK) (Johnson & Halliday, 1993) , and CO 2 production was calculated from isotope ratios at baseline and in the following 10 urinary samples. The mass spectrometer was calibrated using enriched water standards supplied by IAEA, Vienna. O analysis were measured in duplicate. CO 2 production rate was calculated using a multipoint method according to Coward (Coward, 1988) . Fractionation due to insensible water loss was corrected for according to Coward (Coward, 1988) , resulting in mean relative errors of 5.08 (range 2.5 ± 7.8)% above or below, respectively, the values obtained when applying an assumed loss of 27.3 molad. The respiratory quotient (RQ) of the diet was taken as 0.85; therefore, each liter of CO 2 production corresponds to an EE of 24.0 kJ (5.737 kcal).
Body composition TBW was assumed to be equal to the dilution space of the loading dose when equilibrium was reached, the urine sample at 4 or 8 h, using the mean of 2 H and 18 O dilution space according to Coward (Coward, 1988) . TBW was also estimated with a bioelectric impedance (BIA) technique (Lukaski et al, 1985; Steen, et al, 1987) , using BIA-101 equipment (RJL System, Inc., Detroit, MI, USA), for dosing of the DLW. Measurements were made in supine position. Body weight was measured on an electronic scale to the nearest 0.1 kg.
Physical activity level
The physical activity level (PAL), de®ned as TEEaBMR, was used as a relative index of activity for comparison with the EIaBMR ratio and measured BMR was used for these comparisons.
Energy intakeaenergy expenditure
The EIaEE ratio was used for detection of under-and overreport bias at an individual level. EIaEE`0.79 was de®ned as under-reporting and EIaEE b 1.21 as over-reporting (Black et al, 1997) .
Statistics
Values are expressed as means and standard deviation (s.d.). Differences between measurements and groups were analyzed using Student's paired and unpaired t-tests. Correlation was tested by Spearman's rank correlation coef®cient. Agreement between methods was plotted according to Bland and Altman (1986) . Calculations were made using the statistical package Statview 4.1. (Abacus Concepts, Inc., Berkeley, CA, USA, 1992).
Results

Energy intake
Mean EI ( 
Relations between validation methods
Mean difference between the DLW and HR was 0.96 (s.d. 1.14) MJad (P`0.05) and between the DLW and AD was 0.65 (s.d. 1.90) MJad (NS). HR underestimated TEE by a mean 10% (s.d. 12%) and AD by 6% (s.d. 19%) compared to the DLW. The HR and AD were signi®cantly correlated (r s 0.67, P`0.001) (n 20) and also the DLW and HR (r s 0.76, P`0.005) (n 12) but not the DLW and the AD (r s 0.49, NS) (n 12). 
Relations between validation methods and the DH
Energy intakeaenergy expenditure
The ratio of EIaEE classi®ed 7 individuals as valid reporters, 4 as under-reporters and 1 as an over-reporter according to the DLW; 7 as valid reporters, 3 as under-reporters and 2 as over-reporters according to the HR; and 6 as valid reporters, 4 as under-reporters and 2 as over-reporters according to the AD, see Table 6 . The DLW and HR methods classi®ed 10, and the DLW and the AD classi®ed 9 individuals in the same category. Eight individuals were classi®ed in the same category with all three methods. Energy intake and expenditure in the elderly E Rothenberg et al
Discussion
Validation of dietary intake instruments is important for understanding of their limitations. However, the use of different external markers could give various results. It is therefore important to establish the performance of different validation techniques. Use of measurements of TEE for validation of dietary assessment methods seems desirable because measurement errors are essentially uncorrelated. The best measure of TEE in free-living individuals is the DLW method used here as the reference method.
Limitations of validation methods
There are limitations of the HR method due to the underlying analysis. The relationship between HR and VO 2 at low-intensity activity levels is not linear (Christensen et al, 1983; Livingstone et al, 1990; Spurr et al, 1988; Warnold & Arvidsson-Lenner, 1977) ; within a critical range, lowand high-intensity activities overlap (Spurr et al, 1988) . It has further been suggested that one of the inaccuracies might be due to slower return of heart rate to resting levels than the return of energy expenditure after activity periods (Spurr et al, 1988) . There are arguments for dividing TEE into two parts, one of low-intensity activities and one of higher-intensity activities (Livingstone et al, 1990; Spurr et al, 1988) . However, it has been found in practice that employing one single regression line or two regression lines does not give any signi®cant difference (Elmsta Warnold & Arvidsson-Lenner, 1977) .
The HR method has been validated against other techniques (Livingstone et al, 1990; Spurr et al, 1988) and found not to be suitable at an individual level of data collection (Christensen et al, 1983) , but has been shown to be useful at the group level (Livingstone et al, 1990) . To our knowledge the method has been used in elderly samples only once before . In that study a sample of 30 nursing-home patients were measured with a Douglas bag and somewhat different activities from those in the present study.
The AD method is the simplest technique for measuring TEE. It has been used in different populations (ForbesEwan et al, 1989; Geissler et al, 1986; Leonard et al, 1995; Riumallo et al, 1989; Warwick & Baines, 1996) but, to the best of our knowledge, not in the free-living elderly. In the studies by Warwick & Baines (1996) and by Forbes-Ewan et al (1989) the factorial method gave lower TEE values than did the DLW method, though the methods have been found to correlate well (Riumallo et al, 1989) . In the study by Leonard et al (1995) the factorial method gave lower values than did the HR method, but the two methods correlated well. The AD method has also been validated against room respirometry (Geissler et al, 1986) , showing mean values within 1% of continuous indirect calorimetry. However, the error in individual TEE ranged from 7 17% to 25% and it was therefore concluded that the factorial method was too inaccurate for estimation at an individual level but suf®cient to provide close estimates of true EE at group level. However, the risk of misreporting length and type of activities is obvious when these values are reported by the subjects themselves. Also, it is uncertain which factors should be used for the calculation of EE.
The DLW method measures EE under normal conditions with an accuracy of 1 ± 3% and a precision of 2 ± 8% (Schoeller, 1988) . In comparison with room calorimetry within the calorimeter environment nonsigni®cant differences between methods were found (1.6 AE 2.6%) (Seale, 1995) . The coef®cient of variation is about 9% for repeated DLW measurements . However, it is expensive and therefore not suitable for large population studies. The analyses are also technically demanding and subject to several model assumptions. We used the multipoint method of Coward (1988) for the calculations, but TEE from DLW was also calculated according to Schoeller et al (1986) and Livingstone et al (1990) (data not shown), and no difference between calculations was found.
Total energy expenditure: comparison of results by different techniques
The DLW method gave a higher mean TEE value than the two other methods. A highly signi®cant correlation was found between the HR and DLW measures, but not between the AD and DLW. Thus, the more complex and demanding HR method seemed to be somewhat more precise. However, mean difference between methods was higher for HR compared to DLW than the difference between AD and DLW, indicating systematically lower values by the HR method. Energy intake and expenditure in the elderly E Rothenberg et al
Validation of energy intake by DH
In the present study, DH compared to the HR indicated an underestimation of EI by 3%. Compared with AD the ratio was almost equal to 1, and thus no signi®cant differences were found between methods. However, at an individual level, differences between methods were large. In the 12 individuals measured by DLW, underestimation of EI was 12%. Mean difference between methods was not signi®-cant, probably because of the small sample size. Underestimation of EI compared to TEE by DLW has been shown repeatedly, ranging from 12% to 31% (Goran & Poehlman, 1992; Reilly et al, 1993; Sawaya et al, 1996) . The EIaEE ratio was used for detection of under-and overreporters according to Black et al (1997) and, despite great variation in individual measures of EI as well as TEE, the HR and AD methods identi®ed valid reporters, under-and over-reporters similarly to the DLW in 10a12 and 9a12 cases, respectively. The DH is generally regarded to give data at the level of group mean and ranking order of individuals (Bingham et al, 1988) . However, the present DH was not valid, according to the validation tools used, in terms of ranking of individuals.
Physical activity level
Which PAL values should be used for comparison with EIaBMR ratio is arguable. In the original paper of , 1.556BMR was chosen as the yardstick for comparison with EIaBMR because this value had been shown to be appropriate for a sedentary lifestyle. However, a recent review of global DLW data suggests that PAL values for normally active free-living people are higher than 1.55 in all age ± sex groups except those over 75 years. The HRaBMR and ADaBMR multiples showed PAL values in concordance with the ratio of EIaBMR, indicating a sedentary lifestyle at group level (Shetty et al, 1996) . The DLWaBMR value indicated a higher PAL, probably not unrealistic in this healthy and motivated population. It has been suggested that the elderly at same level of physical activity as younger people reach higher PAL values because of lower BMR . The two individuals with DLW-PAL b 2.10 showed measured RMR values lower than predicted.
Methodological considerations
A limitation in the present study is the small and selected sample. A strength is that three different methods have been applied and that relationships between these have been examined. The following observations were made. The HR method is less costly than the DLW but is time consuming and demanding for the participants, and was also shown to underestimate TEE. The AD is inexpensive and easy to perform but it is based on self-reported data regarding time and type of activities, leading to a risk of report bias. Further, transforming the reported data into the activity factors proposed by Durnin (WHO et al, 1985) could introduce more errors. The method was shown here to underestimate TEE. The PAL values (Shetty et al, 1996) are easy to use for comparison and do not need further data collection. However, consideration needs to be given to the appropriate level. On an individual level, the concordance between PAL values measured by the three validation tools was poor, but the mean value for the AD was closer to DLW than the HR. Based on experience from the present study, we would not recommend validation by the HR method in the elderly. The AD performed as well as the HR, with less burden on the participants and less time and cost imposition on the investigators. It is desirable to re®ne this method.
Conclusions
Our results indicate that, on group level, the DH method gives comparable values to the HR and AD. However, compared with DLW, used here as the gold standard, the DH seems to underestimate true EI by 12%. It was shown not to give valid data in terms of ranking. For detection of under-and over-reporters, the HR method seemed to perform somewhat better than the AD, when compared to DLW. For validation of EI in population studies in the elderly, if resources are available, DLW could be used in a subsample to calibrate the relationship between the dietary instrument and ®eld techniques such as the AD and PAL values. These methods could then be applied for validation and the EIaEE quotient could be used for detection of under-and over-reporting in the total sample.
